Abstract. This paper addresses the suboptimal control for memristive systems. Considering the state-dependent properties of the memristor, a fuzzy model employing parallel distributed compensation (PDC) is formulated to linearize the complicated memristive system with only two subsystems. A linear quadratic cost function is considered to measure the control performance of the systems. The obtained results are formulated by a minimization problem with linear matrix inequalities (LMIs) constraints. By minimizing the upper bound of the quadratic cost function, a unique control gain is derived. Meanwhile, the asymptotical stability of the systems is also guaranteed. Simulation results illustrate the effectiveness of the results in this paper.
Introduction
In 1971, based on physical symmetry arguments, Professor Chua [1] , [2] predicted that besides the resistor, capacitor, and inductor, there should be a fourth fundamental two-terminal circuit element called a memristor, which is defined by a nonlinear relationship between charge and flux linkage. In 2008, it took scientists almost 40 years to invent such a practical memristor device which was published by scientists at Hewlett-packard Laboratories on Nature [3] . Because of the memristor's properties of memory characteristic, nanoscale, and emulating synaptic behavior, it is shown that the memristor device has many promising application prospect such as secure communications, memory, artificial intelligence computer and other emerging field of information technology [3] - [5] .
In recent years, some achievements about control study in memristive systems have been obtained [6] - [8] . For instance, in [6] , based on a new PDC fuzzy model which is employed to linearize complicated memristive system with only two subsystems, Wen et al. propose an event-based approach to update the control law to stabilize memristive systems and extend the results to systems with signal quantization and networked induced delays. Using the methods of non-smooth analysis, Lyapunov function, and inequalities, Zhang et al. [7] investigate exponential synchronization of the memristive neural networks based on periodically intermittent control and obtain the sufficient conditions of exponential synchronization. In [8] , Cang et al. propose an active control strategy to realize the projective synchronization of two fractional-order memristive systems.
Optimization control is also important for nonlinear systems. In recent years, many scholars increase the attention of optimal control problem, and some achievements about optimal control of nonlinear systems have been obtained [9] [10] [11] . For instance, in [9] Ho et al. propose sufficient LMI conditions solving the quadratic optimal fuzzy PDC control problem for the TS-fuzzy-model-based control systems under the minimization of a quadratic finite-horizon integral performance index. Esfahani et al. [10] employ LMIs method for solving H  -tracking optimal control problem of nonlinear systems. In [11] , based on T-S fuzzy model, Chen et al. propose a multiobjective fuzzy control design method for solving optimization of T-S fuzzy system.
The optimal control problem with quadratic performance indexes is usually transformed into a two-point boundary value problem. However generally for nonlinear systems and hybrid systems, it is very difficult to solve the optimal control problems, whatever the analytic solutions or the numerical solutions. So finding a tractable suboptimal control law to guarantee a satisfactory control performance is a useful compromising way. The application can be found in [12] - [13] to solve the suboptimal control. For instance, in [12] Wu et al. considers a suboptimal event-triggered control for time-delayed linear systems because of the hybrid characteristics. Hennequin et al. [13] propose a feedback control law to solve the suboptimal control problem of nonlinear discrete-time systems by using Lyapunov Function method.
Motivated by above discussion, this paper is concerned with the problem of suboptimal control for memristive system. Considering the state-dependent properties of the memristor, a fuzzy model employing PDC is formulated to linearize complicated memristive system with only two subsystems [6] . Based on Lyapunov Function, the proposed control design approach generates a unique control gain after solving an optimization problem. Moreover, by designing the feedback control gain in the Lyapunov stability frame, the asymptotical stability is guaranteed for the memristive system. To the authors' knowledge, the results in this paper are new to the investigation of the suboptimal control design for the memristive system.
Throughout this paper, n  denotes the space of n-dimensional real column vectors. Furthermore, a
denotes a block-diagonal matrix and (.) tr denotes the trace of a matrix.
Problem Formulation
Consider the memristor-based Chua's chaotic circuit [14] in Fig.1 , the dynamic equation for this circuit realization can be written as
where the   M q is the memristance and   W  is the memductance, which have the relationships with current and voltage
and   q  according to Itoh and Chua's assumption satisfy the following piecewise-linear properties:
For convenience of analysis in a state space, we set     1 1
. Therefore the system (1) can be rewritten as
Adding the control input   u t to the circuit (4) yields:
A x t Bu t x t x t A x t Bu t x t
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T x t x t x t x t x t
is the control input matrix,
When set the parameters
b  , respectively, this system shows the chaotic dynamics [6] . Considering the control design of such a memristive system, fuzzy control can be a good choice [6] , [15] - [17] . Since this system can be easily fuzzied into a sum of two linear-like systems. For the linear-like systems, a fruitful of tools are at hand. The memristor-based chaotic system can be fuzzied as follows [6] :
where 1 N is   by a center-average defuzzier. Therefore, the system (5) can be written as
The control performance defined in this paper considering the classical quadratic cost function
Where t   to minimize the cost function (7) subject to the system (6). However this system's dynamic depends on the state   x t  . This results in a hybrid characteristic, which can be very hard for the derivation of the optimal control to minimize the cost function (7). Therefore we would like to seek a suboptimal solution to this problem still to guarantee a certain performance by minimizing the upper bound of the cost function (7) . In this paper the control input is to be designed as a state feedback controller as follows:
Where K is the control gain to be designed in the following paper. The Schur Complement [18] is needed for the matrix manipulation. Lemma 1: [18] For any symmetric matrix, M , of the form
If C is invertible then the following properties hold: 
Main Results
In this section, the controller design approach is presented. For designing a controller we introduce the quadratic Lyapunov function. 
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Under the satisfaction of (11) the asymptotical stability of system can be guaranteed, which implies that lim
Therefore, a upper bound for the cost function (7) can be obtained
This implies that the cost function J  is upper-bounded by     0 0
T x Px
. In the following   tr P is used as an objective function for the control synthesis, which is also motivated physically. As in general the initial states are unknown,   
338].
Now we can formulate the problem to be addressed in this paper. Problem 1: For the system (6), find a controller (8) to minimize the upper bound of the cost function (7) subject to the system dynamic (6), i.e.   min K tr P subject to (6) . (14) Theorem 3 (10) is
Substituting (6) into (16) result
We hope the derivative of the Lyapunov function can satisfy
with the penalty of the cost terms. Combining (17) and (18) equivalent objective function to (14) . This completes the proof.
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Simulations
In this section, we give an example to illustrate the effectiveness of the proposed results. Example 1: Consider the example used in [6] given by . In [6] , for stabilizing the memristive systems, Wen et al. propose an event-based approach to update the control law. The stable controller gain is 
Using it in the simulation, we have 507.5598 J   , which is obviously bigger than our results, because the result in [6] is not specified to minimize the quadratic cost. 
Conclusions
This paper has investigated the suboptimal control for memristive systems. Considering the state-dependent properties of the memristor, a PDC fuzzy model has been employed to linearize complicated memristive chaotic system with only two subsystems. The control design approach generates a unique control gain after solving an optimization problem. Moreover, by designing the feedback control gain in the Lyapunov stability frame, the asymptotical stability has been guaranteed for the memristive system. Simulation results have been provided to illustrate the effectiveness of the results.
